A restriction map of a 13.5-kb EcoRI fragment encoding B-lactamase from a plasmid isolated from enterococcal strain PA was prepared and found to differ markedly from the published maps of ,-lactamaseencoding EcoRI fragments of two staphylococcal plasmids and the plasmid from enterococcal strain HH22. This comparison also showed that one of two contiguous EcoRV fragments that encompass the Il-lactamase gene differs in size in the PA strain from that found in the other strains. However, restriction sites in the P-lactamase structural gene (blaZ) were identical in all four plasmids. Further studies compared the ,I-lactamase genes of four clinical enterococcal isolates from various geographic locations with those described above. Isolates from Virginia and Florida generated EcoRV fragments identical to those from the plasmid from strain PA, while isolates from Lebanon and Argentina showed EcoRV fragments analogous to those from HH22 and the staphylococci studied. Although there is evidence suggesting that some of these ,I-lactamase-producing enterococcal isolates represent a single strain, this study indicates that there is significant variation in the plasmids that encode I8-lactamase.
Enzyme inactivation as a mechanism of penicillin resistance in enterococci was first reported in 1983 when Murray and Mederski-Samoraj (10) described a clinical isolate of Enterococcus faecalis (strain HH22) which contained a transferable P-lactamase-encoding plasmid. Soon after, Ingerman et al. (4) reported the isolation of another P-lactamase-producing enterococcus from Philadelphia designated E. faecalis PA. ,B-Lactamase-producing enterococci have now been isolated from eight cities in the United States as well as Buenos Aires, Argentina, and Beirut, Lebanon (12) . Previous hybridization studies with E. faecalis HH22 and E. faecalis PA showed that a specific staphylococcal bla probe hybridized to enterococcal plasmid DNA (9) . The similarities of the 3-lactamase genes from these two species have been confirmed by sequencing the blaZ region of E. faecalis HH22 and comparing it with staphylococcal 3-lactamase genes (19) . The present study was undertaken to generate a restriction endonuclease map of a 13.5-kb ,-lactamaseencoding fragment from plasmid DNA isolated from E. faecalis PA and to localize and compare the homologous regions between enterococcal and staphylococcal ,-lactamase-encoding plasmids by DNA hybridization.
MATERIALS AND METHODS
Bacterial strains and plasmids. E. faecalis PA and HH22 are highly gentamicin resistant, P-lactamase-producing strains of enterococci that have been described previously (9) . The other enterococcal strains used in this study are described in Table 1 . pBEM21 is a recombinant plasmid that was constructed by cloning a 13.5-kb EcoRI fragment containing blaZ from a plasmid isolated from PA (this study) into pACYC184 (1). pBEM50 was similarly constructed by cloning the 10-kb EcoRI blaZ-containing fragment from Staphylococcus aureus plasmid pI524 (13) into pACYC184. pDAW101 is a recombinant plasmid containing blaZ on the 6.7-kb staphylococcal transposon Tn4201 (16) located within * Corresponding author. an 11.4-kb EcoRI fragment; it was provided by R. Goering. The 1.7-kb fragment (see hatched bar in Fig. 1 ) from the XbaI site to the EcoRI site of pDAW101 was ligated with pUC19 (17) and named pCRG423 (provided by R. Goering). Transconjugant X-Beirut resulted from a filter mating of the ,-lactamase-producing enterococcal strain Beirut (12) with OG1RF (Rif' Fusr) as the recipient (2) .
DNA extraction and analysis. Plasmid DNAs of Escherichia coli and enterococci were isolated as described previously (6, 15) . Restriction endonuclease digestions of E. coli plasmid DNA were carried out according to the instructions of the manufacturer (Bethesda Research Laboratories, Gaithersburg, Md.). Enterococcal plasmid digestions were performed for 20 h with the addition of 8 to 10 U of enzyme every hour for the first 3 h. The molecular size standards used were the 1-kb DNA ladder and the supercoiled DNA ladder (Bethesda Research Laboratories). The digested DNA was separated by electrophoresis in agarose gels with concentrations varying from 0.7 to 2.0% in lx TBE buffer (6) . In some instances, DNA was extracted by excising the ethidium bromide (Sigma, St. Louis, Mo.)-stained band from the agarose, purifying the DNA with the GENECLEAN kit (Bio 101, Inc., La Jolla, Calif.), and digesting the DNA with other enzymes. Following this second digestion, the DNA was separated on a 10% polyacrylamide gel (prepared with lx TBE buffer) at 200 V for 3 to 6 h. A contour-clamped homogeneous electric field (CHEF DR II) apparatus (BioRad Laboratories, Richmond, Calif.) was used to give the high resolution of small DNA fragments afforded by polyacrylamide gels but to maintain the ease of transfer of an agarose gel. SeaPlaque GTG agarose gels (FMC BioProducts, Rockland, Maine) of 1.2% were prepared in 0.5 x TBE buffer; the pulse time was increased from 5 to 35 s over 7 h at 200 V. Agarose and polyacrylamide gels were used for the mapping studies and digestions of DNA in E. coli vectors, while contour-clamped homogeneous electric field gels were used for comparing the patterns of digested enterococcal DNA (see Fig. 3 ). Gels were stained for 15 min in ethidium bromide and were destained for 2 h. DNA-DNA hybridizations. Digested DNA was transferred to Hybond-N (Amersham, Arlington Heights, Ill.) by alkali transfer for subsequent hybridization according to the instructions of the manufacturer. The bla probe used in hybridization studies was the 840-bp HindIII-XbaI fragment of pJM13 previously shown to hybridize to pBEM1 (18) . This fragment consists of 75 bp upstream of the promoter, the blaZ promoter, the leader sequence, and 80% of the structural ,-lactamase gene; the HindIII site is upstream of the promoter, and the XbaI site is within the structural gene (8) . The 840-bp fragment was excised from agarose (following digestion and electrophoresis) and was purified with the GENECLEAN kit. The DNA probe was labeled with [a-32P]dCTP (Amersham) by using the Random Primed DNA Labeling Kit (Boehringer Mannheim Biochemicals, Indianapolis, Ind.) and was used to hybridize previously prepared membranes under stringent conditions of 50% formamide (Bethesda Research Laboratories) at 42°C overnight. Because of difficulties in reisolating the downstream EcoRV-EcoRI fragment from pCRG423, a 1.6-kb fragment was excised by using the PvuII site from the vector and the EcoRV site from the insert to create a probe for the region downstream of blaZ (2a). This fragment was excised and handled as described above for the bla probe.
RESULTS AND DISCUSSION
By using the previously published map of pACYC184 (1) and performing various restriction digestions and hybridizations, a restriction map of the enterococcal insert of pBEM21 was generated (Fig. 1 ). Enzymes which were tested but which had no sites within the insert of pBEM21 included BglII, Sall, and PstI. Results of hybridizations performed with the 840-bp bla probe from pJM13 localized the enterococcal blaZ gene within the region of the HindIII-XbaI sites shown in Fig. 1 .
The restriction map of pBEM21 was compared with previously published maps of other P-lactamase-encoding fragments from both HH22 and staphylococcal plasmids (Fig. 1) . (Fig. 2, lanes a through d) , the probe hybridized with two bands in each of the plasmids. The larger of the EcoRV fragments is ca. 760 bp and contains the upstream region of the gene; it appears to be identical in size in all four plasmids. The smaller EcoRV fragment from pBEM21 (ca. 600 bp) is -50 bp shorter than the corresponding fragment in the other plasmids (Fig. 2, lane a) . Further investigation included the performance of double digestions with enzymes with recognition sites within the EcoRV sites (Fig. 1) . Hybridization with the bla probe of EcoRV-XbaI double digestions of the four plasmids revealed two bands of corresponding sizes (Fig. 2, lanes i through 1) . These bands are equivalent to the 760-bp EcoRV and the 420-bp EcoRVXbaI fragments, respectively. The EcoRV-HindIII double digestions of the plasmids that hybridized with the probe are shown Fig. 2 , lanes e through h. The smaller fragment (ca. 500 bp) from this digestion was identical in size in all plasmids. The larger band seen in Fig. 2, lanes f, g, and h , was the ca. 650-bp EcoRV fragment from pBEM1, pJM13, and pDAW101, respectively, while the ca. 600-bp EcoRV fragment from pBEM21 is shown in lane e of Fig. 2 (19) , pDAW101 (16) (provided by R. Goering), and pBEM50 (based on the map of p1524 [14] ). Enzymes which were tested but which had no sites within the insert of pBEM21 included BglII, Satl, and PstI. The locations of the AvaI, BamHI, and ClaI restriction sites were not included on the map of pDAW101 provided by R. Goering. The published map of the ,3-lactamase-encoding insert of pI524 did not include the restriction sites AvaI or BamHI (14); the EcoRI insert of pBEM1 is not cleaved by these enzymes (18) . Solid horizontal arrows indicate the 1-lactamase structural gene region; dashed arrows indicate the inverted repeats (IRR and IRL) present in the pI524 insert of pBEM50 (14) ; the hatched bar represents the PvuII-EcoRV region of the pCRG423 probe from pDAW101. demonstrated strong homology to the corresponding region of pBEM21, but not to that of pBEM1, a further indication of the differences between the two enterococcal 1-lactamaseproducing plasmids (3) . Further hybridization studies used the staphylococcal bla probe to compare the P-lactamase gene regions from clinical enterococcal isolates from various geographic regions with those from the two isolates described above. Following digestion of the enterococcal plasmids with EcoRV and electrophoresis in contour-clamped homogeneous electric field gels, the DNA was transferred to filters and the P-lactamase gene region was identified by hybridization with the bla probe (Fig. 3) . Two patterns emerged on autoradiographs. Plasmid digests of E. faecalis isolates X-Beirut and HG9829 (Argentina) showed the EcoRV band pattern exhibited by pBEM1 (from HH22) as well as the staphylococcal P-lactamase-encoding plasmid (Fig. 3, lanes b, d, is compatible with either explanation. Whether the differences in restriction sites between the staphylococci and the enterococci explain the differences in the regulation of expression (11) of 3-lactamase in these organisms is not known.
